Platypnea-orthodeoxia syndrome (POS) is a rare condition that is characterized by dyspnea and arterial oxygen desaturation, which worsen on standing and which are relieved by recumbency. We treated an 80-year-old woman with an atrial septal defect (ASD) who demonstrated POS following thoracic and lumbar vertebral compression fractures. The surgical closure of the ASD relieved her symptoms. The etiology might have been multiple compression fractures causing kyphosis and aortic distortion producing right atrial compression and increased right-to-left flow through the ASD. POS should be considered in the differential diagnosis of patients who develop dyspnea after vertebral compression fractures. The careful assessment of the patient's history and clinical condition helps in the diagnosis of POS.
Introduction
Platypnea-orthodeoxia syndrome (POS) is a rare syndrome characterized by dyspnea and hypoxia when a patient is sitting or standing (1) . The most common anatomical cause of POS is a right-to-left (RL) shunt through interatrial communications, including an atrial septal defect (ASD) or patent foramen ovale (PFO) (2) . We herein report the case of an elderly ASD patient who developed POS following thoracic and lumbar vertebral compression fractures and who was successfully treated with the surgical closure of the ASD.
Case Report
An 80-year-old Japanese woman presented to our hospital with dyspnea in the sitting and standing positions. She had a history of paroxysmal atrial fibrillation, for which she had been using an oral anticoagulant. Two months prior to her admission to our hospital she had presented to another hospital with multiple vertebral compression fractures. After being discharged from the hospital, she developed dyspnea in the sitting and standing positions. She also reported an episode of syncope while she had been standing at home. The development of POS was highly suspected and she was referred to our hospital for further evaluation and treatment.
A physical examination revealed that her blood pressure was 152/91 mmHg, and her pulse rate was regular at 95 beats/minute. Although the patient's oxygen saturation on room air was 98% in the supine position, it declined to 83% in the sitting position and dropped further to 65% in the standing position. An anteroposterior X-ray of her chest in the supine position revealed no lung abnormalities, and her cardiothoracic ratio was 59% (Fig. 1A) . Electrocardiography showed a normal sinus rhythm with a normal atrioventricular conduction. Computed tomography (CT) of the spine showed thoracic 12 and lumbar 1 vertebral fractures (Fig. 1B) . Contrast-enhanced CT revealed the elongation of the aorta, which was compressing the right atrium and distorting the position of her heart ( showed an oval-shaped ASD measuring 14 mm × 7 mm in size with a deficient aortic rim (Fig. 3) . We did not observe a eustachian valve or Chiari network. A TTE bubble study was performed in both the left lateral decubitus and sitting positions using intravenously administered agitated saline contrast solution. The amount of micro-bubbles appearing on the left side of the heart was increased by changing her position from the left lateral decubitus to the sitting position, indicating the presence of an RL shunt through the ASD, which was exacerbated while sitting.
The percutaneous transcatheter closure of the ASD was attempted on the 3rd day after admission; however, because the ascending aorta was highly deviated toward the right atrium, this procedure was unsuccessful. The surgical closure of the ASD was performed on the 10th day after admission. Following surgery, her interatrial RL shunt was found to have completely resolved, and her oxygen saturation in the sitting and standing positions recovered to 98% on room air. She was discharged on the 23rd day after the surgery without any complaints of platypnea. The patient was followed up at the outpatient clinic, and no further complications were observed.
Discussion
We herein describe a case of POS, which developed in an elderly woman following multiple vertebral compression fractures. POS is a rare but clinically important syndrome characterized by dyspnea and arterial oxygen desaturation, which worsen on standing and which are relieved by recumbency (3). POS is caused by the coexistence of anatomical abnormalities, including PFO and ASD, and functional com- ponents, which accelerate RL shunting, such as pulmonary emphysema, pericardial disease, or aortic aneurysms (3). Aortic elongation another possible aggravating factor that exaggerates RL shunting; this occurs because venous flow can be directed from the inferior vena cava into the left atrium through the anomalous interatrial communication when the ascending aorta compresses the right atrium and distorts the atrial septum (4, 5) .
In our case, based on the patient's clinical course, her multiple vertebral compression fractures were suspected to have triggered the exacerbation of the RL shunting. To the best of our knowledge, only three cases of POS induced by vertebral fractures have been reported in the English literature (4, 6, 7) . A possible etiological mechanism to explain the induction of POS by vertebral fractures is as follows: the multiple vertebral compression fractures caused kyphosis and the subsequent distortion of the aorta resulting in right atrial compression and increased RL flow through the ASD.
Rodrigues et al. reported that among 188 cases of POS, 33 cases showed anatomical changes of the aorta, including aortic dilatation, aneurysm, or distortion (1). However, they did not mention vertebral fractures as an associated anatomical change that could exacerbate RL shunting in POS cases. Based on the fact that PFO is present in approximately 15-35% of the normal population (8) , and that the incidence of vertebral compression fractures has been increasing in our aging society, POS should be considered among the differential diagnoses when a patient develops dyspnea following vertebral compression fracture.
POS is recognized as a relatively uncommon condition and might be overlooked when establishing a diagnosis in patients presenting with dyspnea following vertebral compression fracture. The careful assessment of the patient's history and clinical condition are essential for the accurate diagnosis of this rare disorder.
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